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Multi-layered masks to combat COVID-19

On June 5, 2020, the World Health Organization
(WHO) has issued interim guidelines for the use of
multi-layered textile fabrics as masks to combat
COVID-19'. The non-medical or non-surgical
masks specifically designed for the general public or
low-risk individuals can be made up of a variety of
arrangements of fabrics in different layering sequences.
Partitioning the mask in three distinct layers, the
WHO recommended that the innermost layer should
be made up of hydrophilic fibres, whereas the middle
and outer layers need deployment of hydrophobic
fibres. Although the precise design principles of
the multi-layered masks to limit the spread of
COVID-19 have not been clearly documented, there
are innumerable combinations of materials and fabrics
that yield a large variability in terms of filtration and
breathability.

The conventional design principles of facemasks
rely on a fact that the particle smaller than the
pore dimensions is removed from fluid via inertia,
impaction, diffusion and electrostatic attraction.
Notably, the principles of inertia and impaction may
not be applicable for the free virions or droplet nuclei
as the diffusion phenomenon is dominant at this length
scale?. The layers of the mask can be designed by
virtue of graded porosity and hydrophobicity - the
outermost layer has the highest porosity and extreme
water repellency than the innermost layer (Figure). In
other words, there should be a progressive reduction
of pore dimensions and hydrophobic behaviour from
the outer to the innermost layer. Specifically, the
decrease in pore dimensions can assist in reducing
the pressure drop across the mask®. To attain such a
design criterion, a spunbonded non-woven or a loosely
woven fabric made up of highly hydrophobic synthetic
fibres can be used as an outer layer followed by a melt-
blown non-woven in the middle layer. The porous
outer layer can act as a shield against the respiratory
droplets, and it should be engineered in a manner that
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Figure. Multi-layered masks with graded porosity and hydrophobicity.

there is a minimum contact area between liquid and
solid surface enhancing the water repellency®.

Normal speaking creates splashing of respiratory
droplets with a broad size distribution (0.1-1000 pm)°.
The probability that a 50 pm diameter droplet consists
of at least one virion before dehydration is as high as
37 per cent®. For such large-sized droplets, the mask
should not just act as a ‘catchment area’, but these
droplets should be allowed to roll-off on the surface
of the outer layer. Although the hydrophobicity of
porous woven/non-woven textiles present in the outer
layers is reasonably high due to the Cassie-Baxter
effect’, yet it does not improvise the droplet to
roll-off. A metastable air-water-solid composite
interface is generally formed on the fabric surface
as the air is being trapped underneath the asperities
emanating from fibre-fibre or yarn-yarn contacts®. In
this scenario, the droplet may not roll-off easily on
the fabric surface but rather clings to it, similar to a
‘rose-petal’ effect’. The pinning effect of a droplet
on the surface of textile can become a source of
self-contamination as the manipulation of a facemask
can occur using contaminated hands'. Therefore, the
hydrophobic outer layer of the non-medical mask
may not be sufficient in controlling the spread of the
infection as the fluid penetration is inevitable'. To a
large extent, the superhydrophobic effect or extreme
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water repellency of the outer layer can address the
issue of self-contamination.

Self-cleaning established via a superhydrophobic
effect in the outer layer is highly desirable that allows
the droplet to form a spherical shape and roll-off
when tilted by a few degrees''. Superhydrophobicity
is manifested via low surface energy and hierarchical
roughness'!. Recent advances in the field recommended
the use of coating as one of the ways to reduce the
surface energy of the mask for superhydrophobic
effect. For instance, the dual-mode laser-induced
forward transfer method was adapted to deposit a few
layers of graphene that resulted in lowering the surface
energy of the melt-blown mask for superhydrophobic
effect'?. Although the approach is facile and scalable
for catering to the demands of the general population,
but the coating of masks can block the pores and
compromise with their breathability'. Further, it is still
naive to advocate the use of nanomaterials in the masks
based on their ambiguous safety profile and health
impacts. Rather, the efforts should be directed towards
the interplay of fibre and structural characteristics
or applying the hydrophobic finishes during the
production of masks.

Finally, the innermost layer of the mask is a key
component in controlling the droplet splashed out
by the wearer. A tightly woven cotton fabric in the
innermost layer can attain a filtration efficiency of
80 per cent for particle sizes of <300 nm'*. However, a
trade-off is required to be maintained between a tightly
woven fabric and breathability. Another important
consideration is the particle size distribution that
is employed for the testing of masks. Intermediate
particle size (0.04-0.4 pm), also known as the ‘most
penetrating particle size’ (MPPS), is the most difficult to
be captured by the masks!*. The MPPS is influenced by
several factors, including filter face velocity, porosity,
fibre diameter, airflow, fibre charge density and particle
size distribution'*!’. For the electret mask, the MPPS
shifts towards 40-50 nm'® and can overestimate the
filtration efficiency, which can be easily overcome using
charge-neutralized aerosols'’. Thus, it is of paramount
importance to determine the filtration efficiency with
the aerosols at the MPPS range.

Indisputably, the judicious design of the multi-
layered mask can act as an armour against the spread of
COVID-19, but it also presents more challenges to the
environment as there would be a surge in demand for
the use of plastic products'. One of the ways to address

this issue is to reuse these multi-layered masks, which
can be realized by applying steam treatment under
controlled humid conditions®. Careful temperature
conditions are still required to be in place, particularly
for the low melting polymers, as the structural integrity
of the mask can easily be compromised'?. Though
the multi-layered masks are one of the preventive
measures, but social distancing, hand hygiene, and
the other guidelines recommended by the WHO form
a comprehensive package to control the spread of the
infection. With the gradual exit from the lockdown, it
becomes imperative that one of the key government
strategies across the globe should focus on the suitable
universal masking solutions for the general public that
limits the spread of the virus.
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